(19) 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(H) EP 1 460 700 A2 

EUROPEAN PATENT APPLICATION 



(43) Date of publication: 


(51) Intel* H01M 4/02, H01M 4/36, 


22.09.2004 Bulletin 2004/39 


H01M 10/40, H01M4/48, 


(21) Application number 04251586.6 


H01 M 4/58 


(22) Date of filing: 1 9.03.2004 




(84) Designated Contracting States: 


• Leislng, Randolph 


AT BE BG CH CY CZ DE DK EE ES Fl FR GB GR 


Williamsville New York 14221 (US) 


HU IE IT LI LU MC NL PL PT RO SE SI SK TR 


• Rubino, Robert 


Designated Extension States: 


Williamsville New York 14221 (US) 


ALHRLTLVMK 


• Hong, Gan 




East Amherst New York 14051 (US) 


(30) Priority: 19.03.2003 US 391885 






(74) Representative: Colmer, Stephen Gary et al 


(71) Applicant: Wilson Greatbatch Technologies, Inc. 


Mathys & Squire 


Clarence, New York 1 4031 (US) 


100 Gray's Inn Road 




London WC1X8AL (GB) 


(72) Inventors: 




• Takeuchi, Esther S. 




East Amherst New York 14051 (US) 





(54) Electrode having metal vanadium oxide nanoparticles for alkali metal-containing 
electrochemical cells 



(57) A new cathode design having a second cath- 
ode active material of a relatively high energy density 
but of a relatively low rate capability sandwiched be- 
tween two current collectors with a first cathode active 
material having a relatively low energy density but of a 
relatively high rate capability in contact with the opposite 



sides of the two current collectors, is described. At least 
the first cathode active material is of particles having an 
average diameter less than about 1 \i. The present cath- 
ode design is useful for powering an implantable medi- 
cal device requiring a high rate discharge application. 
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Description 

BACKGROUND OF THE INVENTION 
1. Field Of Invention 

[0001] This invention relates to the conversion of 
chemrcal energy to electrical energy. | n Scular the 
present invention relates to an eleSode^s n o a 

mlri fr' y W9h ra,e Capabili * and a second Se 
materia havmg a relativeiy high energy density btfof a 
relative* low rate capability. The first and second acSve 
matenals are short circuited to each other by cental! 
he opposite sides of a current collector. A pneS 
o^oftheelectrodecomprisesnan oparticles of aUeS 

hehrghratecathodeactive material. The increasedsur 
'ace area of the high rate material affordX^e nan 

is parfculariy rmportant when the cell powers an il 
P.an.ab.e.edica.device.suchasacarrcTeLlX 

2 Prior Art 
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SUMMARY OF THE INVENTION 



[0002] As is well known by those skilled in th* 

a power source for a generaily medium rate, San 
os.stance load component provided by ci * * 
'o-m-ng SUC h (unctions as, for example, tne heaTsens 
•ogandpaongfunctions. From time-to- ime theSac 
abator may require a generaily high rate pu^fe 
c^goloadcomponentthatoccurs ,for exampte during 

char^ngofacapacftorinthedefibrillatorforthepuZse 
ofdel.vennganelectricalshc<*tothehea rt totremacn 

fatal if lofl uncorrected. 

[0003] It IS generally recognized that for lithium cells 
s^er vanadium oxide (SVO) and, in particulaTe p 2 
silver vanadium oxide (AaV«n ^ ' P 

orehca. volumetric capacity o, , .37 Ah/ml Cmp£ 
son, the theoretical volumetric capacity of CF (x - 1 \ 
is 2.42 Ah/ml, which Is 1 .77 times that of e-phase si V e 
vanadrum oxide. For powering a cardla 552? 
SVO,s preferred because it delivers high current Jse 

CF ht h ? y W ' thin 8 Sh ° rt Peri0d of ,ime - Although 
CF has higher volumetric capacity, it cannot be usedln 
medical dev.ces requiring a high rate dischame aTol 
cahon due to *s low to medium rate of discharge 5£ 

E, A " 0vel e,ectro ^ construction using both a 
h.gh rate achve material, such as SVO, and a hion en 
ergy density material, such as CF X . is described in U s" 

signed to the assignee of the present invention and in 
corporated herein by reference. However, it L belfeved 
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ed from Groups I A, HA and 1MB of the Periodic Table of 
the Elements. Such anode active materials include lith- 
ium, sodium, potassium, etc., and their alloys and inter- 
metallic compounds including, for example, Li-Si, Li-AI, 
Li-B and Li-Si-B alloys and intermetallic compounds. 5 
The preferred anode comprises lithium. An alternate an- 
ode comprises a lithium alloy such as a lithium-alumi- 
num alloy. The greater the amounts of aluminum 
present by weight in the alloy, however, the lower the 
energy density of the cell. 

[001 0] The form of the anode may vary, but preferably 
it comprises a thin metal sheet or foil of the anode metal, 
pressed or rolled on a metallic anode current collector 
of titanium, titanium alloy, nickel, copper, tungsten or 
tantalum. The anode has an extended tab or lead of the 
same material as the current collector contacted by a 
weld to a cell case of conductive metal in a case-nega- 
tive electrical configuration. Alternatively, the anode 
may be formed in some other geometry, such as a bob- 
bin shape, cylinder or pellet to allow an alternate low 
surface cell design. 

[001 1] The primary electrochemical cell of the present 
invention further comprises a cathode of electrically 
conductive materials that serve as the cell's counter 
electrode. The cathode is preferably of solid materials 
and the electrochemical reaction at the cathode involves 
conversion of ions that migrate from the anode to the 
cathode into atomic or molecular forms. The solid cath- 
ode may comprise a first active material of a metal ele- 
ment, a metal oxide, a mixed metal oxide and a metal 
sulfide, and combinations thereof and a second active 
material, preferably of a carbonaceous chemistry or oth- 
er high capacity material. The metal oxide, the mixed 
metal oxide and the metal sulfide of the first active ma- 
terial has a relatively lower energy density but a relative- 
ly higher rate capability in comparison to the second ac- 
tive material. A particularly preferred active material is 
of metal vanadium oxide nanoparticles. 
[001 2] A preferred preparation for metal vanadium ox- 
ide nanoparticles is by a sol-gel synthesis, as described 
in U.S. Patent No. 5,555,680 to Takeuchi et al. For ex- 
ample, if SVO is the desired metal vanadium oxide, the 
sol-gel preparation begins with formation of a vanadium 
pentoxide (V 2 O s ) gel by the protonation of a vanadium 
species wherein the protonation may be performed, for 
example, by adding an acid to aqueous solutions of 
vanadate salts or by acidification of a vanadium salt so- 
lution via passage of the solution through a proton ex- 
change resin. Vanadium oxide (V 2 0 5 ) gels possess 
mixed valence properties as a result of reduction (typi- 
cally in the range from about 1% to about 10%) of va- 
nadium occurring during their synthesis, and also by 
subsequent dehydration of the synthesized gel. Forma- 
tion of the vanadium pentoxide gel is also accomplished 
by heating a dispersed aqueous suspension of V 2 0 5 . 
[0013] Intercalation of silver cations into the layered 
V 2 0 5 gels is by intimate contact of a silver-containing 
component therewith, followed by thermal treatment. 
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Silver cation intercalation is a proton-exchange reaction 
with acidic protons contained within the V 2 O s gels. Ther- 
mal treatment of the silver vanadium oxide mixture 
serves, in part, to remove waterfrom the mixture. During 
the dehydration process, the OH- bonds break which, 
along with the intercalated cation, plays an important 
role in the evolution of the structural orientation of the 
resultant crystalline compound. 
[0014] Specifically, the synthesis of SVO via sol-gel 
methodology uses an alkali metal hydroxide, a silver 
compound, and vanadium pentoxide. The alkali metal 
is preferably lithium while the silver component is select- 
ed from Ag, AgN0 3 , AgN0 2 , AggOg, AgV0 3( Ag2C0 3 , 
and Ag(CH 3 C0 2 ). The materials are mixed such that the 
mole ratio of lithium: silver: vanadium is about 0.05: 
0.95: 2.0. The mixed materials are combined with water 
so that the solids and/or dissolved solids range from 
about 5% to about 30% of the slurry, by solution weight. 
The resulting mixture is stirred at from about 60°C to 
about 90°C for about 3 hours or for a sufficient time to 
allow a gel to form. The gel is mixed further and then 
dehydrated by baking at about 375°C to 500°C for about 
4 to about 48 hours to form the product silver vanadium 
oxide. Light grinding may be used to further comminute 
the SVO material to the desired nanoparticle size. U.S. 
Patent No. 5,555,680 to Takeuchi et al. is assigned to 
the assignee of the present invention and incorporated 
herein by reference. 

[0015] Another preferred preparation for metal vana- 
dium oxide nanoparticles is by hydrothermal synthesis. 
In hydrothermal synthesis, starting materials in stoichi- 
ometric molar proportions needed for the desired prod- 
uct active material are added to an aqueous solution and 
heated in a pressurized vessel past the boiling point of 
water. For example, if silver vanadium oxide is the de- 
sired product, suitable silver starting materials include 
Ag, AgN0 3l AgN0 2 , Ag 2 0 2 , AgV0 3 , Ag^COa, and Ag 
(CH 3 C0 2 ) while the vanadium-containing compound is 
selected from NH 4 V0 3 , AgV0 3 , VO, VO i27 , V0 2 , 
V 2 0 4 , V 2 0 3 , V 3 0 5 , V 4 0 9 , V 6 0 13 and V 2 O s . Typical V, 
the temperature of hydrothermal reaction is in the range 
of about 1 20°C to about 250°C. This temperature range 
is much lower than the typical solid-state decomposition 
synthesis of about 500°C to about 1 ,000°C for an active 
material intended for use in an electrochemical reaction. 
Examples of hydrothermal synthesis are given in the lit- 
erature: a) -Hydrothermal Synthesis of Ortho rhombic 
LiCO x Mn 1 . x 0 2 and Their Structural Changes During Cy- 
cling" S.-T Myung, S. Komaba, N. Kumagai, J. Electro- 
chem. Sac. 149, A1349-A1357 (2002), and "Synthesis 
and reaction mechanism of 3 V LiMn0 2 B Y. Nitta, M. Na- 
gayama, H. Miyahe, A. Ohta, J. Power Sources 81-82, 
49-53 (1 999). These publications are incorporated here- 
in by reference. 

[0016] Combustion chemical vapor deposition 
(CCVD) is another process for the production of metal 
vanadium oxide nanoparticles useful in a primary elec- 
trochemical cell. Combustion CVD is the vapor deposi- 
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tion of a coating onto a current collector substrate near 
or in a flame. This causes the reagents fed into the flame 
to chemically react. Flammable organic solvents such 
as an alkene, alkide or alcohol, containing elemental 
constituents of the desired coating in solution as dis- 
solved reagents are sprayed through a nozzle and 
burned. Alternatively, vapor reagents are fed into the 
flame and burned. Likewise, non-flammable solvents 
are used with a gas-fueled flame. An oxidant, such as 
oxygen, is provided at the nozzle to react with the sol- 
vent during burning. Upon burning, reagent species in 
the flame chemically react and vaporize, and then de- 
posit and form a coating on the current collector held in 
the combustion gases in or just beyond the flame's end 
Dunng deposition of the metal vanadium oxide nanopar- 
ticles coating, oxygen is available from at least three 
possible sources: the oxidant gas, the surrounding gas- 
es, and the dissolved chemical reagents. The CCVD de- 
rived coating of metal vanadium oxide nanoparticles on 
a current collectorsubstrate is preferably crystalline but 
may be amorphous, depending on the reagent and dep- 
osition conditions used. The resulting coatings exhibit 
extensive preferred orientation in X-ray diffraction pat- 
terns, evidencing that CVD occurred by heterogeneous 
nucleation. s 
[0017] Alternatively, feeding the reagent solution 
through a nebulizer, such as a needle bisecting a thin 
high velocity air stream forming a spray that is ignited 
and burned, performs coating deposition. Ethanol and 
toluene are preferred solvents. 
[0018] InCCVD.theflamesuppliesthekineticenergy. 
This energy creates the appropriate thermal environ- 
ment to form reactive species while coincidentally heat- 
ing the substrate, thus providing the conditions for sur- 
face reactions, diffusion, nucleation, and coating growth 
to occur. When using combustible solutions, the solvent 
plays two primary roles in CCVD. First, it conveys the 
coating reagents into the vicinity of the current collector 
substrate where CVD occurs, thereby allowing the use 
of low cost soluble precursors. Varying the concentra- 
tion of the reagents in solution and the solution flow rate 
produces uniform feed rates of any reagent stoichiom- 
etry. Second, combustion of the solvent produces the 
flame required for CCVD. 

[0019] Regarding flame concepts, certain deposition 
conditions are preferred. First, the current collector sub- 
strate needs to be located in a zone that is sufficiently 
heated by the flame's radiant energy to allow surface 
diffusion. This temperature zone is present from about 
the middle of the flame to some distance beyond the 
flame's end. The temperature of the flame is controlled 
to some extent by varying the oxidant-to-fuel ratio as 
well as by adding non-reactive gases to the feed gas or 
by adding non-combustible miscible liquids to the solu- 
tion. 

[0020] Secondly, the metal complexes need to be va- 
porized and chemically changed into the desired state 
For metal vanadium oxides, this occurs in the flame if 
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sufficient oxygen is present. The high temperatures ra- 
dian energy (infrared, ultraviolet and other radiant en- 
ergy), and the plasma of the flame all aid in the reactivity 
of precursors. Finally, for single crystal films, the mate 

n"o S dep< f r d shouw be in the ^ *-T2l 

not stable particles. Particle formation can be sup- 
pressed by maintaining a low concentration of solutes 
and by minimizing the distance, and therefore time, be- 
io ^T?r therea9ent8reactandthecu ^ntcollector 

Combinin9 ,ac,ors mea <* *a 

Jl^ftH e de ?° Siti0n Z ° ne fe 9 enera,| y in prox- 
imity of the flame's end. 

[0021] Flame chemistry is a very complex phenome- 
non. However, flame characteristics car be con roTed 

control the flame temperature, aftering the type of fuel 
to effect a desired temperature, luminescence and 
poking mixing the soivems with non-flammable T 
uids to change the flame characteristics, decreasing the 
- oxygen content to initialize and then increase 22 
deposrtion, reducing droplet size to cause a liquid fuel 
flame to behave like a premixed gas flame because tie 
stents are able to vaporize prior to entering theflaTe 
adding nozzle configuration and flow rates to contra 
flame shape and velocity, and reducing the pressure be- 

stable down to pressures of 10 torr. 
5S51 ™ eprefeTOdfla ™ temperature * from about 
300«Ctoabout2,800-C. As flames can exist over a wide 
50 P ress f urera "9 e . c CVDcanbeaccomplishedatapTes 
sura from about 10 torr to about 10.000 torr Ukevv se 
rfpfcsma is formed for depositing the metal venal*' 
ox.de nanopartfcles coating, the temperature of the 
Plasma ranges from about 800'C to about 10,000'C 
J he ^PeratureofthesubstrateduringtheCCVDpro c : 

s^d 1° ^ ™> dependin9 on tne of coatinb de- 
sired, the current collectorsubstrate material, and the 
flame characteristics. Generally, a substrate surface 

«> pXT e of from about 100 ' c 10 2 ' 200 ' C fe 

[0023] If droplets contact the substrate, a mixed dep- 
osrtion technique of both CVD and spray pyrolysis may 
sXraS : *T aPP,0aCheS the ™tVo.lS 
me sclent evaporates. The impacting drop bums off of 
the substrate almost instantaneously possibly coolq 
and then heating this area, leaving a ring-shaped si, 
The nng is thicker on theoutside as mora^fthesoSes 

50 ? ThiS *** ° f de P° siti0 " help in- 

crease the deposition efficiency, while maintaining het- 

ccvdT f>UCleati0n - For a further dfecusa ''" of 
CCVD, reference ,s made to U.S. Patent No. 5,652 021 

0024? which i inco,pora,ed herein * 

[0024] Laser pyrolysis is another method for synthe- 
« s.s of metal vanadium oxide nanoparticles. Laser pyrol- 

Sl'JT ° n !!* Pr ° dUCti0n ° f 8 r6aCtant stream ™" 
tainmg a vanadium precursor, a radiation absorber and 

an oxygen source. An intense light beam, such as a la- 
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ser beam, pyrolyzes the reactant stream. As the reac- 
tant stream leaves the light beam, the vanadium oxide 
particles are rapidly quenched. Nanoscale vanadium 
oxide particles produced by laser pyrorysis are subject- 
ed to heating under mild conditions in an oxygen envi- 
ronment or an inert environment to alter their crystal 
properties without destroying the nanopartide size. Fur- 
ther, the stoichiometry and crystaline structure of the la- 
ser pyrolysis produced vanadium oxide nanoparticles 
are modified by heat processing in an oven. A thermal 
process then forms the metal vanadium oxide particles. 
A second, non-vanadium transition metal precursor, 
such as silver, copper and manganese, is mixed with a 
collection of vanadium oxide nanoparticles and heated 
to form the particles incorporating both metals. Under 
suitably mild conditions, the heat produces the desired 
metal vanadium oxide particles without destroying the 
nanoscale of the initial vanadium oxide particles. For a 
further discussion of the laser pyrorysis synthesis tech- 
nique, reference is made to U.S. Patent No. 6,225,007 
to Home et al., which is incorporated herein by refer- 
ence. 

[0025] Another method for the production of metal va- 
nadium oxide nanoparticles is by a conventional decom- 
position synthesis as described in U.S. Patent Nos. 
4,310,609 and 4,391,729, both to Liang et al. and both 
assigned to the assignee of the present invention and 
incorporated herein by reference. These patents de- 
scribe adding vanadium pentoxide to a decomposable 
metal salt, suitably the nitrate, of a second metal. These 
ingredients are thoroughly mixed and thereafter ignited. 
The second metal is most preferably selected from the 
group consisting of silver, copper, manganese and mix- 
tures thereof. The resultant composite cathode includes 
V 2 O x wherein x < 5 combined with one or more of Ag^O^ 
wherein x = 0 to 1 ; CuO x wherein x = 0 to 1 ; and MnO x 
wherein x = 1 to 3. 

[0026] Another synthesis technique for a metal vana- 
dium oxide is by a combination reaction as described in 
U.S. Patent No. 5,221 ,453 to Crespi et al. This patent 
describes a chemical addition reaction consisting of ad- 
mixing AgV0 3 and V 2 O s in a molar ratio of 2:1 mole ratio 
and heating the admixture at a reaction temperature in 
the range of 300°C to 700°C for 5 to 24 hours. Another 
combination reaction consists of admixing Ag 2 0 and 
V 2 O s in 1 :2 mole ratio and heating the admixture at a 
reaction temperature in the range of 300° C to 700° C for 
5 to 24 hours. Still another combination reaction con- 
sists of admixing Ag and V 2 0 5 in a 1 :1 mole ratio and 
heating the admixture in contact with oxygen at a reac- 
tion temperature in the range of 300°C to 700°C for 5 to 
24 hours. 

[0027] Still another synthesis technique for a metal 
vanadium oxide is described in U.S. Patent No. 
5,498,494 to Takeuchi et al. (an amorphous SVO), 
which is assigned to the assignee of the present inven- 
tion and incorporated herein by reference. This patent 
describes heating a mixture of phosphorous pentoxide 



(P 2 0 5 ) and vanadium pentoxide (V 2 O s ) at 760°C for one 
hour and then pouring the resulting material mixture on- 
to a titanium foil cooled over liquid nitrogen. One of the 
previously described silver materials, for example, silver 

5 oxide (AggO) is then added to the amorphous P 2 <V 
V 2 0 5 mixture with the Ag:V molar ratio being 1 :2 and 
baked at about 400°C for about 16 hours to form silver 
vanadium oxide. A heated homogeneous mixture of 
AgV 2 0 5 can also be poured into deionized water to form 

10 the amorphous SVO. 

[0028] U.S. Patent No. 5,955,21 8 to Crespi et al. de- 
scribes heat treating SVO at 390°C to 580°C after its 
initial synthesis, whether it be by a decomposition or a 
combination synthesis. 

is [0029] The metal vanadium oxide particles produced 
by the above-referenced patents Nos. 4,310,609, 
4,391,729, 5,221,453, 5,498,494, and 5,955,218 are 
rendered to the desired nanopartide size by passing 
them through an appropriately sized sieve. The metal 

20 vanadium oxide material larger than 1y, is than proc- 
essed by grinding/milling it to the appropriate size. Jet 
milling is also an appropriate technique for rparticle size 
reduction. Additionally, the metal vanadium oxide parti- 
cles larger than 1 \i, but which were ground to 1 u, or less, 

25 are reheated to a temperatu re in a range of about 480°C 
to about 550°C, preferably about 500° C for about 30 
minutes to about 6 hours. This additional heating pro- 
vides them with the beneficial properties of a material 
originally synthesized at a relatively high temperature of 

30 about 480°C to about 550°C, i.e., U.S. Patent No. 
5,545,497 to Takeuchi et al., but with an average particle 
size less than 1 \i. This patent is assigned to the assign- 
ee of the present invention and incorporated herein by 
reference. 

35 [0030] One preferred metal vanadium oxide has the 
general formula SM x V 2 O y where SM is a metal selected 
from Groups IB to VI IB and VIII of the Periodic Table of 
Elements, wherein x is about 0.30 to 2.0 and y is about 
4.5 to 6.0 in the general formula. By way of illustration, 

40 and in no way intended to be limiting, one exemplary 
metal vanadium oxide comprises silver vanadium oxide 
having the general formula Ag x V 2 O y in any one of its 
many phases, i.e., p-phase silver vanadium oxide hav- 
ing in the general formula x = 0.35 and y = 5.8, y-phase 

45 silver vanadium oxide having in the general formula x = 
0.74 and y = 5.37 and e-phase silver vanadium oxide 
having in the general formula x = 1 .0 and y = 5.5, and 
combination and mixtures of phases thereof. For a more 
detailed description of such cathode active materials 

50 reference is made to the previously discussed U.S. Pat- 
ent No. 4,310,609 to Liang et al. 
[0031 ] Another preferred metal vanadium oxide cath- 
ode material includes V 2 O z wherein z £ 5 combined with 
AggO with silver in either the silverfjl), silver(l) or silver 

55 (0) oxidation state and CuO with copper in either the 
copper(ll), copper(l) or copper(O) oxidation state to pro- 
vide the mixed metal oxide having the general formula 
CUxAgyV^, (CSVO) with 0.01 < z s 6.5. Typical forms 
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of CSVO are Cu 0 16 Ag 0 ^V^ with z being about 5.5 
and Cu 0 5 Ag 0 5 V 2 O z with z being about 5.75. The oxy- 
gen content is designated by z since the exact stoichi- 
ometric proportion of oxygen in CSVO can vary depend- 
ing on whether the cathode material is prepared in an 
oxidizing atmosphere such as air or oxygen, or in an in- 
ert atmosphere such as argon, nitrogen and helium. For 
a more detailed description of this cathode active mate- 
rial reference is made to U.S. Patent Nos. 5,472,810 to 
Takeuchi et ai. and 5,516,340 to Takeuchi et al., both of 
which are assigned to the assignee of the present in- 
vention and incorporated herein by reference. 
[0032] According to the present invention, the metal 
vanadium oxide active material has an average particle 
size of less than 1u. and, more preferably, having an av- 
erage diameter of from about 5 nanometers (nm) to 
about 1 00 nm. Still more preferably, the first active ma- 
terial has an average particle size of about 5 nm to about 
50 nm. Preferably, the active particles have a very nar- 
row distribution of particle diameters without a tail, in 
other words, there are effectively no particles with a di- 
ameter an order of magnitude greater than the average 
diameter such that the particle size distribution rapidly 
drops to zero. 

[0033] The cathode design of the present invention 
further includes a second active material of a relatively 
high energy density and a relatively low rate capability 
in comparison to the first cathode active material. The 
second active material is preferably a carbonaceous 
compound prepared from carbon and fluorine, which in- 
cludes graphitic and nongraphitic forms of carbon, such 
as coke, charcoal or activated carbon. Fluorinated car- 
bon is represented by the formula (CF x ) n wherein x var- 
ies between about 0.1 to 1.9 and preferably between 
about 0.2 and 1.2, and (C 2 F) n wherein the n refers to 
the number of monomer units which can vary widely. 
The true density of CF X is 2.70 g/ml and its theoretical 
capacity is 2.42 Ah/ml. 

[0034] In a broader sense, it is contemplated by the 
scope of the present invention that the first cathode ac- 
tive material is any material that has a relatively lower 
energy density but a relatively higher rate capability than 
the second active material. In addition to silver vanadi- 
um oxide and copper silver vanadium oxide, V 2 0 5 
Mn0 2 , LiCo0 2 , LiNi0 2 , LiMn 2 0 4 , TiS 2 , Cu 2 S, FeS,' 
FeS 2 , copper oxide, copper vanadium oxide, and mix- 
tures thereof are useful as the first active material. And, 
in addition to fluorinated carbon, Ag 2 0, Ag 2 0 2 , CuF^ 
Ag^CrO*, Mn0 2 , and even SVO itself (although trie first 
active and second active materials may not simultane- 
ously be SVO unless at least the relatively high rate ca- 
pability material is nanoparticulate; that is, has an aver- 
age diameter less than about 1 u.m), are useful as the 
second active material. The theoretical volumetric ca- 
pacity (Ah/ml) of CF X is 2.42, Ag 2 0 2 is 3.24, Ag 2 0 is 
1 .65 and AgV 2 0 5 5 is 1 .37. Thus, CF X , Ag 2 0 2 , Ag 2 0, all 
have higher theoretical volumetric capacities than that 
of SVO. 



[0035] Before fabrication into an electrode structure 
for incorporation into an electrochemical cell according 
to the present invention, the first cathode active material 
is preferably mixed with a binder material such as a pow- 
s dered fluoro-polymer, more preferably powdered poly- 
tetrafluoroethylene or powdered polyvinylidene fluoride 
present at about 1 to about 5 weight percent of the cath- 
ode mixture. Further, up to about 10 weight percent of 
a conductive diluent is preferably added to the first cath- 
w ode mixture to improve conductivity. Suitable materials 
for this purpose include acetylene black, carbon black 
and/or graphite or a metallic powder such as powdered 
nickel, aluminum, titanium and stainless steel. The pre- 
ferred first cathode active mixture thus includes a pow- 
'5 dered fluoro-polymer binder present at about 3 weight 
percent, a conductive diluent present at about 3 weight 
percent and about 94 weight percent of the metal vana- 
dium oxide active material. 

[0036] The second cathode active mixture includes a 
20 powdered fluoro-polymer binder present at about 4 
weight percent, a conductive diluent present at about 5 
weight percent and about 91 weight percent of the cath- 
ode active material. A preferred second active mixture 
is, by weight, 91 % CF X , 4% PTFE and 5% carbon black. 
25 [0037] Cathode components for incorporation into an 
electrochemical cell according to the present invention 
may be prepared by rolling, spreading or pressing the 
first and second cathode active materials onto a suitable 
current collector selected from the group consisting of 
30 stainless steel, titanium, tantalum, platinum and gold 
The preferred current collector material is titanium and 
most preferably the titanium cathode current collector 
has a thin layer of graphite/carbon paint applied thereto 
Still another preferred method for contacting the metal 
35 vanadium oxide nanoparticles to the current collector is 
descnbed in U.S. Patent No. 5,716,422 to Muffoletto et 
al. This patent, which is assigned to the assignee of the 
present invention, describes various thermal-spraying 
processes and is incorporated herein by reference 
*o Cathodes prepared as described above may be in the 
form of one or more plates operatively associated with 
at least one or more plates of anode material, or in the 
form of a strip wound with a corresponding strip of anode 
material in a structure similar to a "jellyroll". 
45 [0038] According to the present invention, SVO cath- 
ode material, which provides a relatively high power or 
rate capability but a relatively low energy density or vol- 
umetric capability and CF X cathode material, which has 
a relatively high energy density but a relatively low rate 
50 capability, are individually contacted to current collector 
screens. This provides both materials in direct contact 
with the current collector Therefore, one exemplary 
cathode plate for a primary cell has the followinq con- 
figuration: 

55 SVO/current collector/CF^current collector/SVO 

[0039] An important aspect of the present invention is 
that the high rate cathode material (in this case the SVO 
material) maintains direct contact with the current col- 
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lector Another embodiment of the present invention has 
the high capacity/low rate material sandwiched between 
the high rate cathode material, in which the low rate/high 
capacity material is in direct contact with the high rate 
material. This cathode design has the following config- 
uration: 

SVO/cunrent collector/SVO/CFj/SVO/current col- 
lector/SVO 

[0040] Another important aspect of the present inven- 
tion is that the high capacity material having the low rate 
capability is preferably positioned between two layers of 
high rate cathode material (either high or low capaci- 
ties). In other words, the exemplary CF X material never 
directly faces the lithium anode. In addition, the low rate 
cathode material must be short circuited with the high 
rate material, either by direct contact as demonstrated 
above in the second embodiment, or by parallel connec- 
tion through the current collectors as in the first illustrat- 
ed embodiment above. 

[0041] Since CF X material has significantly higher vol- 
umetric capacity than that of SVO material, i.e., approx- 
imately 1 .77 times greater, in order to optimize the final 
cell capacity, the amount of CF X material should be max- 
imized and the amount of SVO material used in each 
electrode should be minimized to the point that it is still 
practical in engineering and acceptable in electrochem- 
ical performance. 

[0042] Further, end of service life indication is the 
same as that of a standard Li/SVO cell. And, it has been 
determined that the SVO electrode material and the CF X 
electrode material according to the present invention 
reach end of life at the same time. This is the case in 
spite of the varied usage in actual defibrillator applica- 
tions. Since both electrode materials reach end of serv- 
ice life at the same time, no energy capacity is wasted. 
[0043] A secondary celt according to the present in- 
vention takes advantage of active materials that are typ- 
ically used as cathode active materials in primary cells, 
but which cannot normally be used in conventional sec- 
ondary cells. The current art in rechargeable cells is to 
use the positive electrode as the source of alkali metal 
ions. This prohibits the use of metal-containing active 
materials that do not contain alkali metal ions. Examples 
of such metal-containing materials include V 2 0 5 , V 6 0 13 , 
silver vanadium oxide (SVO), copper silver vanadium 
oxide (CSVO), Mn0 2 , TiS 2 , MoS 2 , NbSe 3 , Cu0 2 , Cu 2 S, 
FeS, FeS 2 , CF X , Ag 2 0, Ag^, CuF, Ag^CrO^ copper 
oxide, copper vanadium oxide, and mixtures thereof. 
[0044] However, the positive electrode of the present 
secondary cells is built in a double current collector con- 
figuration having a "sacrificial" piece of alkali metal, pref- 
erably lithium, sandwiched between the current collec- 
tors. A cathode active material capable of intercalation 
and de-intercalation the alkali metal contacts the oppo- 
site side of at least one, and preferably both, of the cur- 
rent collectors. The purpose of the sacrificial alkali metal 
is to react with the cathode active material upon the cell 
being activated with an electrolyte. The reaction results 



in a lithiated cathode active material. 
[0045] Suitable current collectors are similar to those 
useful in the negative electrode and selected from cop- 
per, stainless steel, titanium, tantalum, platinum, gold, 

s aluminum, nickel, cobalt nickel alloy, highly alloyed fer- 
ritic stainless steel containing molybdenum and chromi- 
um, and nickel-, chromium-, and molybdenum -contain- 
ing alloys. Preferably the current collector is a perforated 
foil or screen, such as an expanded screen. 

w [0046] Preferred embodiments include the following 
positive electrode configurations: 

vanadium oxide/current collector/lithium/current 
collector/vanadium oxide, or 
is vanadium oxide/current collector/vanadium oxide/ 
lithium/vanadium oxide/current collector/vanadium 
oxide, or 

vanadium oxide/current collector/lithium, with the 
vanadium oxide facing the negative electrode. 

20 

[0047] By the term "vanadium oxide" is meant V 2 O s , 
V 6 0 13 , silver vanadium oxide, and copper silver vana- 
dium oxide in a nanoparticte form. 
[0048] With this double current collector electrode de- 

25 sign, the amount of lithium metal is adjusted to fully lithi- 
ate the cathode active material. Upon activating the cell 
with an ion -conductive electrolyte, the alkali metal mi- 
grates into the cathode active material resulting in com- 
plete consumption of the alkali metal. The absence of 

30 the alkali metal in the cell preserves the desirable safety 
and cycling properties of the intercalation negative and 
positive electrodes. 

[0049] The anode or negative electrode for the sec- 
ondary ceil comprises an anode material capable of in- 

35 tercalating and de-intercalating lithium. Typically, the 
anode material of the negative electrode comprises any 
of the various forms of carbon (e.g. , coke, graphite, acet- 
ylene black, carbon black, glassy carbon, etc.) that are 
capable of reversibly retaining the lithium species. 

*o Graphite is particularly preferred in conventional sec- 
ondary cells. "Hairy carbon" is another particularly pre- 
ferred conventional material due to its relatively high lith- 
ium-retention capacity. "Hairy carbon" is a material de- 
scribed in U.S. Patent No. 5,443,928 to Takeuchi et al., 

45 which is assigned to the assignee of the present Inven- 
tion and Incorporated herein by reference. 
[0050] The negative electrode for a secondary cell is 
fabricated by mixing about 90 to 97 weight percent of 
the carbonaceous anode material with about 3 to 10 

so weight percent of a binder material, which is preferably 
a fluoro-resin powder such as por/tetrafluoroethylene 
(PTFE), pofyvinylidene fluoride (PVDF), polyethylene- 
tetrafluoroethylene (ETFE), polyamides, polyimides, 
and mixtures thereof. This negative electrode admixture 

55 is provided on a current collector selected from copper, 
stainless steel, titanium, tantalum, platinum, gold, alu- 
minum, nickel, cobalt nickel alloy, highly alloyed ferrttic 
stainless steel containing molybdenum and chromium, 
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and nickel-, chromium-, and molybdenum-containing al- 
loys. The current collector is a foil or screen and contact 
is by casting, pressing, or rolling the admixture thereto 
[0051] Another type of anode material useful with the 
present invention is a metal that reversibly alloys with 
alkali metals. Such metals include, but are not limited 

« ^ *' « ' Pb ' ^ A9 ' Sn0 ' Sn °* Si0 > and SnO 
(°2°3)x(P205)y- For a more detailed description of the 
use of these materials in the negative electrode of a sec- 
ondary cell, reference is made to U.S. application Serial 
No. 10/008,977, filed November 8, 2001, which is as- 
signed to the assignee of the present invention and in- 
corporated herein by reference. 
[0052] In order to prevent internal short circuit condi- 
tions, the cathode is separated from the anode by a suit- 
able separator material. The separator is of electrically 
Insulative material, and the separator material also is 
chemically unreactlve with the anode and cathode ac- 
tive materials and both chemically unreactlve with and 
insoluble in the electrolyte. In addition, the separator 
material has a degree of porosity sufficient to allow flow 
there through of the electrolyte during the electrochem- 
ical reaction of the cell. Illustrative separator materials 
include fabrics woven from fluoropolymeric fibers in- 
cluding polyvinylidine fluoride, polyethylenetetrafluor- 
oethylene, and polyethylenechlorotrifluoroethylene 
used either alone or laminated with a fluoropolymeric 
mcroporous film, non-woven glass, polypropylene pol- 
yethylene, glass fiber materials, ceramics, poly, 
tetrafluoroethylene membrane commercially available 
under the designation ZITEX (Chemplast Inc.), polypro- 
pylene/polyethylene membrane commercially available 
under the designation CELGARD (Celanese Plastic 
Company, Inc.), a membrane commercially available 
under the designation DEXIGLAS (C.H. Dexter, Div 
Dexter Corp.), and a polyethylene membrane commer- 
cially available from Tonen Chemical Corp. 
[0053] The primary electrochemical cell further in- 
cludes a nonaqueous electrolyte that exhibits those 
physical properties necessary for ionic transport, name- 
ly, low viscosity, low surface tension and wettability. The 
electrolyte has an inorganic, ionically conductive salt 
dissolved in a mixture of aprotic organic solvents com- 
pnsing a low viscosity solvent and a high permittivity sol- 
vent, in the case of an anode comprising lithium, pre- 
ferred lithium salts that are useful as a vehicle for trans- 
port of alkali metal ions from the anode to the cathode 
include LiPFg, LiBF 4 , LiAsF 6 , LiSbF 6 , LiCKX, U0 9 
LiAICI 4 , LiGaCI 4 . LiC(S0 2 CF 3 ) 3 , LiN(S0 2 CF 3 ) 2 , LiSCN 
L.O3SCF3, L.C 6 F 5 S0 3 , LI0 2 CCF 3 , LiSOgF, LiB<C 6 H s ) 4 ' 
and L1CF3SO3, and mixtures thereof. 
[0054] Low viscosity solvents useful with the present 
invention include esters, linear and cyclic ethere and di- 
alkyl carbonates such as tetrahydrofuran (THF), methyl 
acetate (MA), digryme, trigylme, tetragylme, dimethyl 
carbonate (DMC), 1 ,2-dimethoxyethane (DME) 1 2-di- 
ethoxyethane (DEE), 1-ethoxy,2-methoxyethane 
(EME), ethyl methyl carbonate, methyl propyl carbon- 



ate ethyl propyl carbonate, diethyl carbonate, dipropyl 

f H d mix I ures thereof - and hi9h p""**** 

solvents include cyclic carbonates, cyclic estersandcy- 
die amides such as propylene carbonate (PC), ethylene 

* ?T ,e i EC) ' bUtJ " ene Cart5onate ' atstonifl., dime 
thyl sulfoxide, dimethyl formamide, dimethyl acetamide 

rH Vale ^ ne,rbutyr0,actone < GBL )- N ^ethyl-py rro -' 
hdone (NMP), and mixtures thereof. In the present in- 

yentionthepreferredanodeislithiummetalandthepre- 
10 ferred electrolyte is 0.8M to 1 .5M LiAsF e or LiPF a dis- 
solved in a 50:50 mixture, by volume, of propylene car- 
bonate and 1 ,2-dimethoxyethane. 
[0055] A preferred electrolyte for a secondary cell 
comprises a solvent mixture of ECDMC.EMCDEC 
Most preferred volume percent ranges for the various 
catoonate solvents include EC in the range of about 
20% to about 50%; DMC in the range of about 12% to 
about 75%; EMCin the range of about 5% to about 45%- 
and DEC in the range of about 3% to about 45% In a 
preferred f °™. the electrolyte is at equilibrium with re- 
spect to the molar ratio of DMC: EMC: DEC. This elec- 
trolyte fa described in detail in U.S. patent application 
Senal No. 10/232,166, filed August 30, 2002, which is 
assigned to the assignee of the present invention and 
25 incorporated herein by reference. 

[0056] Theconosionresistantglassusedintheglass- 
to-metal seals has up to about 50% by weight silicon 
such as CABAL 12, TA23, FUSITE425 or FUSITE435 
The positive terminal leads preferably comprise molyb- 
» oenum, although titanium, aluminum, nickel alloy or 
stainless steel can also be used. The cell casing is an 
open container hermetically sealed with a lid typically of 
a material similar to that of the casing 

35 IS J* fe C ° nternplated ,hat »oth the present inven- 
» ton primary and secondary cells are capable of serving 
as the power source for a wide range of implantable 

171686 inC,Ude a cardiac P**niaker, a 
cardiac defibnllator, a neuro-stimulator, a drug delivery 

I0 ° 58 l ^e following examples describe the manner 
and process of the present invention, and they set forth 
the best mode contemplated by the inventors of carrying 
out the invention, but they are not to be construed as 
limiting. 

45 

EXAMPLE I 



0059] SVO was synthesized using LiOH. AgNO a and 
so v n" 6 ra,i ° ° f ° 05:0 - 95:2 0 - A 23.03-gram sample 
miXed ■* h 10 23 9 rams of AgN0 3 and 
O0075 grams of LiOH to give 33.33 grams of total solids 
The mixture was added to 100 ml of distilled water to 
formaslurrythatw a s25%solidsand/ordissolved solids 
mm P J!J° Mion wei 9 ht - "^e slurry was heated to about 
» 90 c for about 3 hours with stirring. After about 30 min- 
utes to 1 hour, the solids appeared to have absorbed all 
of the solvent and expanded to the full volume of the 
mixture. The mixture was the consistency of a thick or- 
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3. The electrochemical cell of Claim 1 or Claim 2 
wherein at least the second cathode active material 
is of particles having an average diameter of 5 na- 
nometers to 50 nanometers. 

5 

4. The electrochemical cell of any one of the preceding 
claims wherein the first cathode active material is 
selected from the group consisting of CF X , Ag^O, 
AggOg, CuF 2 , Ac^CrO^ Mn0 2 , SVO, and mixtures 

10 thereof. 

5. The electrochemical cell of any one of the preceding 
claims wherein the second cathode active material 
is selected from the group consisting of SVO, CS- 

is VO, V 2 O s , Mn0 2 , LiCo0 2 , LiNi0 2 , LiMn0 2 , Cu0 2 , 
71S, Cu 2 S, FeS, FeS 2 , copper oxide, copper vana- 
dium oxide, and mixtures thereof. 

6. The electrochemical cell of any one of the preceding 
20 claims wherein the cathode has the configuration: 

SVO/current collector/CFx/current collector/SVO. 

7. The electrochemical cell of any one of the preceding 
Claims 1 to 5 wherein the cathode has the configu- 

25 ration: SVO/current collector/SVO/CFj/SVO/cur- 
rent collector/SVO. 

8. The electrochemical cell of any one of the preceding 
Claims 1 to 5 wherein the cathode has the configu- 

30 ration: SVO/current collector/CF x , with the SVO fac- 
ing the anode. 



ange/red paste. The sample was then cooled prior to 
dehydration and sintering at about 375°C for about 24 
hours under ambient atmosphere. 
[0060] The dehydrated SVO material was ground 
lightly using a mortar and pestte giving an orange/brown 
powder. The resulting solid material was imaged using 
an SEM. Average particle size is less than 1 micron. 

EXAMPLE II 

[0061] Silver vanadium oxide nanoparticles can be 
plasma spray deposited in air using a Metco 3MB ma- 
chine on a setting of 40 liters/minute of argon as the prin- 
ciple gas and 2.5 liters/minute (nominal) of hydrogen as 
the secondary gas. This mixture is directed through a 
50-volt/400-amp direct current arc. A suitable spray dis- 
tance is 3 Inches using 4 liters/minute of carrier gas for 
the electrode active material having a nominal feed rate 
of 40 grams/minute. A suitable substrate is 0.0045 inch- 
es thick titanium foil, cleaned and mirogrit blasted (par- 
ticle size about 80 microns). The spray deposited SVO 
nanoparticles are expected to have an average size of 
about 50 nm to about 500 nm. 
[0062] It is appreciated that various modifications to 
the inventive concepts described herein may be appar- 
ent to those of ordinary skill in the art without departing 
from the spirit and scope of the present invention as de- 
fined by the appended claims. 



Claims 

1 . An electrochemical cell, which comprises: 

a) an anode of an alkali metal; 

b) a cathode of a first cathode active material 
having a relatively high energy density but a rel- 
atively low rate capability short circuited with a 
second cathode active material having a rela- 
tively low energy density but a relatively high 
rate capability; and 

c) a nonaqueous electrolyte activating the an- 
ode and the cathode, wherein at least the sec- 
ond cathode active material is of particles hav- 
ing an average diameter less than about 1 urn. 

2. The electrochemical cell of Claim 1 wherein, in b), 
a cathode of a first cathode active material having 
a relatively high energy density but a relatively low 
rate capability is sandwiched between first and sec- 
ond current collectors with a second cathode active 
material having a relatively low energy density but 
a relatively high rate capability contacting the first 
and second current collectors opposite the first 
cathode active material, wherein at least the second 
cathode active material is of particles having an av- 
erage diameter less than about 1 \im. 



9. The electrochemical cell of any one of the preceding 
Claims 2 to 8 wherein the first and second current 
collectors are selected from the group consisting of 
stainless steel, titanium, tantalum, platinum and 
gold. 

1 0. The electrochemical cell of Claim 9 wherein the first 
and second current collectors are titanium having a 
graph it e/carbon material coated thereon. 

1 1 . The electrochemical cell of any one of the preceding 
Claims 2 to 1 0 wherein the anode is lithium, the first 
cathode active material is CF X , the second cathode 
active material is SVO and the first and second cur- 
rent collectors are titanium. 

An electrochemical cell which comprises: 

a) a negative electrode of an anode material; 

b) a positive electrode of a cathode active ma- 
terial short circuited with an anode, active ma- 
terial; and 

c) a nonaqueous electrolyte activating the neg- 
ative electrode and the positive electrode. 



12. 

50 



13. The electrochemical cell of Claim 12 wherein the 
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cathode active material is of particles having an av- 
erage diameter less than about 1pm. 

14. The electrochemical cell of Claim 12 or Claim 13 
wherein at least the second cathode active material 
is of particles having an average diameter of 5 na- 
nometers to 50 nanometers. 

15. The electrochemical cell of any one of the preceding 
Claims 1 2 to 1 4 wherein the cathode active material 
is selected from the group consisting of V 2 0 5 
V 6 0 13 , SVO, CSVO, Mn0 2 , TiS 2 , MoS,, NbSe!' 
Cu0 2 , Cu 2 S, FeS, FeS 2 , CF Xl Ag 2 0, Ag 2 0 2 , CuF 2 ,' 
Ag 2 Cr0 4 , copperoxide, coppervanadium oxide, 
polypyrroles, polythiophenes, polysulfides, poly- 
anilines, polyacetylenes, and mixtures thereof. 

1 6. The electrochemical cell of any one of the preceding 
Claims 12 to 15 wherein the anode material is se- 
lected from the group consisting of coke, graphite, 
acetylene black, carbon black, glassy carbon, hairy 
carbon, hard carbon, Sn, Si, Al, Pb, Zn, Ag SnO 
Sn0 2 , SiO, SnO(B 2 0 3 ) x (P 2 o 5 ) and mixtures 
thereof. 

1 7. The electrochemical cell of any one of the preceding 
Claims 12 to 16 wherein the positive electrode has 
the configuration: first cathode active material/cur- 
rent collector/alkali metal/current collector/second 
cathode active material, wherein the first and sec- 
ond cathode active materials are capable of inter- 
calating and de-intercalating the alkali metal and 
are the same or different. 

1 8. The electrochemical cell of any one of the preceding 
Claims 12 to 16 wherein the positive electrode has 
the configuration: first cathode active material/cur- 
rent collector/second cathode active material/alkali 
metal/third cathode active material/current collec- 
tor/fourth cathode active material, wherein the first, 
second, third and fourth cathode active materials 
are capable of intercalating and de-intercalating the 
alkali metal and are either the same or different. 

1 9. The electrochemical cell of any one of the preceding 
Claims 1 2 to 1 6 wherein the positive electrode has 
the configuration: cathode active material/current 
collector/alkali metal, wherein the cathode active 
material is capable of intercalating and de-interca- 
lating the alkali metal. 



the configuration: vanadium oxide/current collector/ 
lithium/current collector/vanadium oxide. 

22. The electrochemical cell of any one of the preceding 
5 Claims 1 9 or20 wherein the cathode active material 

is a vanadium oxide and the alkali metal is lithium. 

23. The electrochemical cell of any one of the preceding 
Claims 1 2 to 1 8 wherein the cathode active material 

* 0 is a vanadium oxide and the positive electrode has 
the configuration: vanadium oxide/current collector/ 
vanadium oxide/lithiunVvanadium oxide/current 
collector/vanadium oxide. 

w 24. Theelectrochemicalcellofanyoneofthepreceding 
claims wherein the electrolyte is 0.8M to 1.5M 
LIAsF 6 or LIPF 6 dissolved in a 50:50 mixture, by vol- 
ume, of propylene carbonate as the first solvent and 
1 ,2-dimethoxyethane as the second solvent 

20 

25. An implantable medical device in combination with 
an electrochemical cell of any one of the preceding 
claims powering the medical device. 

25 26. The combination of Claim 25 wherein the anode is 
lithium, the first cathode active material is CF X , the 
second cathode active material is SVO. 

27. The combination of Claim 26 including providing the 
30 anode of lithium and the cathode having the conf ig- 

uration: SVO/current collector/CF x , with the SVO 
facing the lithium anode. 

28. The combination of any one of Claims 25, 26 or 27 
& wherein the implantable medical device is selected 

from the group consisting of a cardiac pacemaker, 
a cardiac defibrillator, a neuro-stimulator, a drug de- 
livery system, a bone-healing implant, and a hear- 
ing implant. 

40 

29. A method for providing an electrochemical cell 
comprising the steps of: 



45 



50 



20. The electrochemical cell of Claim 19 wherein the 
cathode active material faces the negative elec- 
trode. 

21 . The electrochemical cell of any one of the preceding 
Claims 1 2 to 1 7 wherein the cathode active material 
is a vanadium oxide and the positive electrode has 



a) providing a negative electrode of an anode 
material; 

b) providing a positive electrode of an alkali 
metal short circuited with a cathode active ma- 
terial; and 

c) activating the negative electrode and the 
positive electrode with a nonaqueous electro- 
lyte. 



30. The method of Claim 29 wherein the electrode ma- 
terials and/or the electrode configurations are de- 

55 fined in any one of Claims 1 to 22. 

31. The method of Claim 29 or 30 including providing 
at least the first cathode active material by a proc- 
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ess selected from the group consisting of sol-gel 
synthesis, hydrothermal synthesis, combustion 
chemical vapor deposition, laser pyrolysis, a de- 
composition reaction, and a combination reaction. 

5 

32. The method of Claim 29, 30 or 31 including provid- 
ing the cathode active material as a vanadium oxide 
selected from the group consisting of V 2 0 5 , V 6 0 13 , 
silver vanadium oxide, copper silver vanadium ox- 
ide, and mixtures thereof. '<> 

33. Use of a high rate capability cathode active materi- 
al, in nanoparticulate form, to improve discharge ca- 
pability of an electrochemical cell including an elec- 
trode comprising such material. 15 
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